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Abstract 
 Previous studies in the southern Northwest Territories have shown the underlying 
discontinuous permafrost is sensitive to disturbances such as the creation of seismic lines. Their 
creation has resulted in compaction topsoil and tree removal causing accelerated permafrost 
thaw. The loss of permafrost has caused seismic lines’ surface elevation to subside, which 
allows water to conjugate. This increases the soil moisture of a seismic line, which results in 
preferential thaw along the seismic line edges. Thaw along the edges over time has connected 
more previously isolated wetlands to seismic lines. This leads to more water entering, resulting 
in higher water levels in seismic lines, which increases the landscape runoff. More runoff means 
less water is being stored on the landscape causing the affected land features to change. 
However, the hydrological effect on adjacent connected wetlands is still unclear. The research 
objective of this study is to create a better understanding of wetlands that are hydrologically 
connected to seismic lines in efforts to create more accurate prediction models. In particular, the 
study focuses on the partial draining of wetlands that are connected to a seismic line 
established in 1985. Three wetlands with contrasting degrees of hydrological connection (open 
connected, narrow channel connected, and isolated) to the seismic line were monitored. The 
wetlands were monitored for surface elevation, water level, surface water recession, and soil 
moisture. There are two main findings of this study: 1) the surface elevation and water level of 
the connected wetlands were significantly lower than the isolated wetland 2) the plateau fringe’s 
soil moisture of the connected wetlands were significantly higher than the isolated wetland. 
From these observations, it was inferred that a higher soil moisture along the plateau fringe is 
likely to result in a change of the connected wetlands’ catchment. Connected wetlands provide a 
secondary runoff input. Because of an increased runoff, the recovery of seismic lines has been 
slow or absent.  
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become a part of the drainage system. The dotted line represents the runoff catchment during 
each time period. 
Figure 4. A flow chart depicting the possible outcomes to a wetland in a discontinuous 
permafrost peatland when a seismic line intersects it. The water level in the wetland can either 
increase and become flooded, drain and decrease, or no change because the water input is 
similar to the water output.  
Figure 5. The seismic line elevation (m) in 2010 and 2018 for (a) the 1700 m section, and (b) 
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displayed as a boxplot in (c). The letters represent the significance for wetland’s elevation for 
each year. The red box in (a) indicates the location of the focus area. 
Figure 6. (a) The focus wetlands plotted on a DEM; and b) elevation of the permafrost over a 10 
m distance on the plateau parallel to the seismic line. The location of measurements shown in 
(b) is identified by the black box in (a).  
Figure 7. The water level from 2015 until 2018 for the focus wetlands and seismic line is 
compared in (a). The wintertime frame is shaded in grey. Surface water recession is visually 
displayed with grey colour gradient, a darker colour indicates a later time period (b). Direction of 
surface water recession in each wetland is represented with arrows. The open connected 
wetland was excluded due to its surface water being no longer present by May 1, 2018. 
Figure 8. A Hydrosense 2 (10cm probe) was used to measure 20 points for each wetland. The 
points were arranged as depicted in (a), following the plateau fringe slope as shown in (b). The 
boxplot displays the data with the letters representing the significance. Whiskers on each box 
represent its minimum and maximum values with the dots being the outliers, with the bottom 
being the 25th and the top being the 75th quantile.  
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Chapter 1.0.: 
1.1. Introduction and thesis objectives 
 The purpose of this study was to expand our knowledge of the hydrological effect of 
seismic lines on wetlands in the southern Northwest Territories, Canada. The southern 
Northwest Territories is underlain by a discontinuous permafrost layer that is thawing at an 
alarming rate (Richter-Menge et al., 2019). Permafrost thaw is further accelerated by soil 
compaction and landscape fragmentation that occurs during seismic line creation (Dabros et al., 
2018). The compaction of soil and loss of permafrost decreases the ground surface elevation 
(Williams., 2012). When this occurs in areas that mainly consist of peat, such as the Scotty 
Creek basin, the landscape becomes in transition as peat plateaus become wetlands (Chasmer 
& Hopkinson, 2017). This is because the decrease in surface elevation brings the ground 
surface closer to the water table resulting in a higher soil moisture at the surface (Williams et al.,  
2013). As this transition occurs along a seismic line’s edge, previously isolated wetlands 
become connected to it (Braverman & Quinton, 2016). However, data on the hydrological effect 
on adjacent connected wetlands is lacking. This study's research objective is to build on 
previous work to further our understanding of wetlands that are hydrologically connected to 
seismic lines. Having a better understanding will result in more accurate hydrological prediction 
models that will provide decision makers insight to the changing landscape. 
1.2. Defining permafrost in northern regions 
 Permafrost is a term that was created to describe “permanently frozen ground” (Muller, 
1947). The term is used to describe soil, sediment, or rock that remains below 0°C for two or 
more consecutive years (Woo, 2012). Even though the ground’s temperature is below 0°C, the 
water in the permafrost layer may not be frozen as there may be conditions that decrease the 
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freezing point of water in that area (Muller, 1947). Shur and Jorgenson (2007) describe the 
initial permafrost formation in newly exposed Low Arctic areas as a simple system that is driven 
by climate and geology. Over time the system becomes complex and vegetation evolves to take 
advantage of the landscape. Together, the co-evolution of the permafrost layer and active layer 
vegetation, have come to support and depend on each other (Shur & Jorgenson, 2007). The 
permafrost layer resides below the active layer with the exception when there is a talik presence 
in which case it resides below the talik (Muller, 1947; Connon et al., 2018). The active layer is 
defined as the top layer of soil that freezes and thaws annually (Muller, 1947; Permafrost 
Subcommittee, 1988). Its thickness is dependent on its composition but tends to be thinner 
farther north (Muller, 1947). In the area of research, the active layer mainly consists of 
Sphagnum spp. vegetation with an average thickness of 0.5 - 0.7m if undisturbed (Braverman & 
Quinton, 2016). The density of the soil increases with depth due to the upwards growth of 
Sphagnum spp. over taking its older growth, which results in the lower moss layers to 
decompose and compress (Hayashi et al., 2007; Wright et al., 2009). Because of high porosity 
of peat (>85%), and the far greater thermal conductivity of water than air, the vertical transfer of 
energy from the ground surface increases with soil moisture content.   
 Permafrost is described on the basis of its distribution. The fraction of land underlain by 
permafrost increases with increasing altitude (alpine permafrost) and latitude (continental 
permafrost). A region of continuous permafrost is defined as one where 90% or more of its area 
is underlain by permafrost (Permafrost Subcommittee, 1988; Woo, 2012). At lower altitudes and 
latitudes, where the fraction of ground underlain by permafrost decreases, and as such, 
continuous permafrost transitions into discontinuous permafrost (>50-90% of the area). 
Sporadic permafrost describes situations where ≤10% of an area is underlain by permafrost 
(Helbig et al., 2016).  As the cover of permafrost decreases through the transition from 
continuous to sporadic, so too does the permafrost thickness (Beilman & Robinson, 2003).  
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The Scotty Creek basin is located in a region of discontinuous permafrost. Recent 
studies at Scotty Creek indicate a high rate of permafrost thaw (Quinton et al., 2019) and a 
trajectory that will transform much of this region from discontinuous to sporadic permafrost over 
the next several decades (Chasmer & Hopkinson, 2017). Presently, the Scotty Creek basin 
contains local areas of highly degraded permafrost, where the presence of permafrost is 
reduced to isolated patches, a situation that has transitioned the land cover such that in local 
areas, the land cover at Scotty Creek resembles land covers in the zone of sporadic permafrost 
at lower latitudes (Carpino et al., 2018). Depending on the systems complexity, permafrost thaw 
can be driven by climate warming, geology, and vegetation, and is often exacerbated by natural 
and human disturbances, which increase the energy flux into the ground (Braverman & Quinton, 
2016; Chasmer et al., 2011; Hayashi et al., 2007; Richter-Menge et al., 2019; Shur & 
Jorgenson, 2007). In a complex system, such as the Scotty Creek basin, the organic layer is a 
large factor of permafrost growth and thaw. Permafrost grows as the aggradation ice 
accumulates in the lower organic layers resulting in the vertical expansion of permafrost and the 
reduction of the active layer. The peat also provides protection to the permafrost acting as an 
insulator due to the peat’s less saturated upper layer, which deters heat from reaching the 
permafrost layer (Shur & Jorgenson, 2007). The complexity of this system changes however, 
when it is disturbed by natural and human interactions. When a wildfire or human disturbance 
occurs that results in vegetation being removed, the permafrost is impacted due to the loss of 
the vegetation buffer and has a greater vulnerability to climate driven change (Osterkamp et al., 
2009; Shur & Jorgenson, 2007; Williams et al., 2013).  
Permafrost provides structure to the overlying land cover, and that it exerts a primary 
control on surface and subsurface hydrological processes, it’s thinning and disappearance has 
profound implications to both land-cover stability and the hydrological cycle from local to 
regional scales. It is widely acknowledged that permafrost thaw is disrupting the biophysical 
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environment. Permafrost thaw patterns, rates, controls and mechanisms, the associated 
feedbacks that accelerate or decelerate thaw, which result in land cover transformations and 
hydrological implications, all remain poorly understood. As a result, there is an urgent need to 
investigate thaw-induced land cover changes. This includes developing and mobilizing 
knowledge on these changes and developing conceptual models that will form the foundation of 
numerical models of the same (Chasmer et al., 2020; Braverman & Quinton, 2016; Quinton et 
al., 2009).  
 
1.3. Characterization of the Scotty Creek basin 
The Scotty Creek basin is located in the discontinuous permafrost region and is 
dominated by peatland. For an area to be a peatland it requires a minimum depth of 40 cm of 
peat (National Wetlands Working Group, 1988). Peat can be broken down into different 
classifications based on its response to local drainage, nutrients, permafrost presence, and 
vegetation (Zoltai & Tarnocai, 1975). Peat commonly grows in wetlands, however, it is important 
to note not all wetlands are peatlands (NWWG, 1988). Land cover type in peatlands include 
peat plateaus and wetlands. Peat plateaus, which are characterized by their unsaturated soil, 
reside above a permafrost layer and provide a place for the sparse canopy to thrive. They tend 
to be flat and vary in size. Some peat plateau surface areas can exist as small as a few meters 
squared while others can be several kilometers squared. All of these are similar to islands as 
they are surrounded by wetlands (Zoltai & Tarnocai, 1975). In peatlands, fens and collapse scar 
wetlands often dominate the landscape (Quinton et al., 2019). Wetlands are saturated soils that 
tend to be treeless due to the high water tables. In addition, wetlands are defined by their 
hydrological character and look at their source of water supply and basin configuration. The four 
classifications are as follows: (1) Limnogenous wetlands only receive water from ponds, 
streams, and precipitation, (2) Topogenous wetlands are topographic depressions that only 
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receive water from runoff and precipitation, (3) Ombrogenous wetlands only receive water from 
precipitation, and (4) Soligenous wetlands are sloped and only receive water from drainage and 
precipitation (NWWG, 1988). 
Peatland’s land features each have their own hydrologic role in the landscape. The 
landscape is arranged that there are peat plateau islands and wetland, which consist of collapse 
scar wetlands and fen channels. Peat plateau's hydraulic role in the landscape is to provide 
primary runoff to lower elevated wetland features as they have limited water storage capacity 
(Quinton et al., 2019). They do not fit the definition of a wetland as their table typically sits lower 
than 50 cm below the surface (NWWG, 1988). When the surrounding wetlands receive the 
primary runoff from the peat plateau. Their response differs depending on the wetland’s 
classification. Collapsed scar wetlands are hydraulically classified as topogenous wetlands, as 
they only receive water from precipitation and runoff from the surrounding plateau (NWWG, 
1988). Their hydrologic function on the landscape is to store water. Water stored this way is 
assumed to remain there until evapotranspiration or displaced into the groundwater system 
(Quinton et al., 2019). The amount of water held by collapsed wetlands can be altered if it were 
to become connected to a channel fen (Connon et al., 2014). A channel fen is also hydraulically 
classified as a topogenous wetland, as it too only receives water from precipitation and runoff. 
Channel fens differ from wetlands though by their hydraulic function on the landscape. Their 
hydrological function is to allow water to be laterally transported to the basin, which make 
channel fens an important feature in determining drainage patterns of a landscape (Quinton et 
al., 2003).  As permafrost thaws, an area's land type features can change, which in turn 
changes how the landscape responds to water input (Connon et al., 2014).   
 In 2011, the Scotty Creek basin was broken down by land type using a decision-tree 
classification. The classification determined that the basin mainly consisted of peat plateau 
(43%), followed by uplands (25%), fens (18%), collapsed scar wetlands (12%), and open bodies 
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of water (3%) (Chasmer et al., 2014). Chasmer et al. (2011) found the ratio of peat plateau to 
wetland has been changing in the Scotty Creek basin. Using the change in vegetation on the 
landscape, between 2000 and 2008, they found a 6% reduction of peat plateau land coverage. 
The most loss was seen at the edges of permafrost plateaus. This is due to the preferential 
thaw that is occurring along the peat plateau edge, which is a part of the edge effect seen when 
seismic lines are created through treed areas. Edge effect or edge influence describes how 
plant communities respond along forest edges created when the area beside them is cleared of 
vegetation. Over time the recovery of vegetation in the cleared area can return the edge 
affected area to its original state. However, if there is a little or no recovery and the edge is 
maintained, then the new levels of soil moisture and light are maintained (Whitney & Runkle, 
1981). Seismic lines are an example of an edge effect that has been maintained over many 
years as the majority of seismic lines see little to no recovery even after 50 years (Dabros et al., 
2017; Rensen et al., 2015; Williams, 2012).  
Seismic lines hydrology changes along the line as it interacts and overlaps with different 
land feature types across the landscape. When the seismic line overlaps with a channel fen or 
collapsed scar wetland, those sections of the seismic line are considered wetlands. Collapsed 
scar wetlands that are connected or become connected to the seismic line over time tend to 
have a decrease in water level due to their permafrost barrier being breached and lowering its 
water storage capacity (Connon et al., 2014). These connection wetlands then become a source 
of water input to the seismic line (Williams et al., 2013). Other sections that overlap with peat 
plateau can vary if they become a wetland or not. This transition depends on the amount of 
permafrost thaw that occurs below it during its creation. If the disturbance is maintained, the 
chance of permafrost thaw increases resulting in a higher percentage of the seismic line 
becoming wetland (Shur & Jorganson, 2007). As permafrost thaws the elevation surface of the 
seismic line decreases to the water table resulting in the water table being closer to, at, or 
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above the ground surface (Braverman & Quinton, 2016). Sections of the seismic line that make 
this transition qualify as wetland as they fit the definition of a wetland as per the National 
Wetlands Working Group (1988). These sections of seismic line hydraulically function similar to 
channel fens as water is able to flow above and below its surface with the hydraulic gradient. 
Because of this, seismic lines have been described as hydrological short cuts across the 
landscape (Braverman & Quinton, 2016).   
Seismic lines cut through treed areas expose the landscape’s ground surface to 
increased amounts of incoming solar radiation. The increase of radiation causes an edge effect 
to change the topography, vegetation, and the thermal surface area balance along the edge of 
seismic lines (Braverman & Quinton, 2016; Chasmer et al., 2011; Williams et al. 2013). The 
edge effect explains how different plant species' response to a change in their surrounding 
environment as a whole (Dabros et al., 2017). Observing plants' response gives insight into how 
the landscape is transitioning as permafrost is lost (Chasmer et al., 2011). Baltzer et al.’s (2014) 
study observed these changes in this discontinuous permafrost landscape and found tree 
mortality to be high along the edge of plateaus. This is due to the preferential thaw lowering the 
plateau fringe surface elevation closer to the water table, resulting in tree mortality from a lack of 
stability and root rotting (Baltzer et al., 2014; Chasmer et al., 2011) 
The loss of trees along the seismic line’s edge allows for more sunlight to hit the ground 
(Chasmer et al., 2011; Williams & Quinton, 2013). Williams and Quinton’s (2013) research 
looked into the change of incoming shortwave and longwave radiation along linear disturbances 
in the Scotty Creek basin. It was found that there was an increase of shortwave radiation 
reaching the center of the seismic line compared to surface ground below the sparse canopy 
cover. Before tree removal, the ground surface received 52-73% shortwave radiation. After the 
trees were removed, the center of the seismic line received 83-94%. The south-facing side of 
the west-east ordinated seismic line also had a similar increase of radiation. The north-facing 
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side, however, did not have as large of an increase. The amount of longwave radiation coming 
in was not significantly affected. Williams and Quinton (2013) concluded the increase of 
radiation was not a large factor in permafrost thaw compared to the soil’s moisture level. Soil 
moisture of seismic lines is affected by its creation process, topography, and input of water 
(Braverman & Quinton, 2016; Williams et al., 2013).  
1.4. Seismic line creation in the north 
Over the last 60 years, seismic lines have been added to the landscape throughout 
northern Canada as a result of oil and gas exploration (Dabros et al., 2018; Lee & Boutin, 2006). 
In the Northwest Territories alone there is an accumulative total distance of 41,800km 
(Groenewegen, personal communications). The installation of seismic lines involves the 
removal of trees and compression of the upper soil layers, resulting in permafrost subsidence 
below seismic lines (Figure 9). The compression on the upper soil layer leads to a decrease of 
active pores, resulting in reduced subsurface water flow. Together, the decrease in surface 
elevation and active pores lead to a greater amount of water remaining in the disturbed area at, 
near, or below the surface (Quinton et al., 2000). Areas with a higher soil moisture have been 
found to have their permafrost layer reside lower than areas with low soil moisture (Williams et 
al., 2013).  
Early seismic lines (1960s-1990s) were typically 5 to 10 m wide (Dabros et al., 2018) 
and created during the winter months using heavy machinery (e.g. bulldozers, mulchers, drills, 
and trucks). Vibrations applied to the ground created seismic waves through detonation (Tigner, 
2012) or vibroseis (Dabros et al., 2018). In either case, the data were collected by geophones 
then analyzed to locate gas and oil deposits (Dabros et al., 2018; Government of the Northwest 
Territories [GNWT], 2015). For these conventional methods, it was necessary to remove and 
deposit the felled trees and other vegetation (Gulley, 2006; Williams et al., 2013). To do this the 
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debris was placed along one side of the line or was mulched, and the mulch was spread over 
the ground surface of the line (GNWT, 2015).  
 In the mid-1990s, less disruptive approaches were adopted, which produced following 
the protocols of Low Impact Seismic (LIS) lines (Dabros et al., 2017). LIS lines are relatively 
narrow (1-5 m) and were made using lighter machinery (GNWT, 2015; Tigner, 2012). LIS lines 
have specific guidelines and conditions for installation, such as working with the landscapes 
natural clearings when planning to minimize impact, working during the winter to reduce soil 
disturbance, cleaning the equipment before use to prevent the spread of invasive species, 
removing vegetation via a shear blade or hand-clearing methods to reduce uprooting, and using 
lighter and smaller machinery to reduce the line width (Dabros et al., 2017; GNWT, 2015). 
However, a drawback to reduced line width is that a greater number of lines is often needed 
(Gulley, 2006). The heavier machinery used for conventional methods are more cost efficient 
than lighter machinery, which can increase the cost by 30-50%, but can reach 150-300% if 
helicopters are used (AECOM, 2009, p. 21). Achieving LIS guidelines are more difficult to meet 
in northern regions due to extreme weather, environment constraints (e.g., reduced daylight, 
lack of roadways, short operating seasons, etc.), requirements to use nearby machinery and 
limited available experienced equipment operators (GNWT, 2015). As a result, though LIS 
management practices are preferred (GNWT, 2015), they are not always feasible, making 
conventional methods in remote northern locations a more likely choice (Williams, 2012). 
1.5. Incorporating the knowledge into decision making 
The objectives of this research are to determine how wetlands’ water level, surface 
elevation, and the soil moisture of the surrounding plateau fringe is affected based on the 
wetland’s hydrological connection to a seismic line. These quantifiable variables will give insight 
into how the landscape’s runoff has been affected due to the decreased storage capacity of 
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connected wetlands. Understanding the water storage capacity of wetlands is important in 
predicting how much water is storage verus flowing across the landscape (Williams et al., 2013). 
A better understanding of the landscape's hydrology will lead to better prediction models. The 
accuracy of these models is important to managers and decision makers who are responsible 
for minimizing the impact on valued environmental components (GNWT, 2015; Gulley, 2001; 
Tigner, 2012). The most common reclamation objective is to return the disturbed area to a 
stable condition, however with the land in transition due to accelerated permafrost loss, this 
objective may be difficult to achieve (Chasmer et al., 2011; Connon et al., 2014; GNWT, 2015; 
Holloway & Lewkowicz, 2019).  
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Chapter 2.0.:  
Impact of seismic lines on the hydrology of wetlands 
in the discontinuous permafrost zone, southwestern 
Northwest Territories  
2.1. Abstract 
  Seismic lines used for oil and gas exploration occur throughout the NWT where they 
cover a cumulative distance of 41,800 km. Seismic lines are known to affect the hydrology of 
the discontinuous permafrost landscape by creating water drainage pathways and increasing 
preferential permafrost thaw. Seismic lines receive primary runoff from the sloped margins of 
the adjacent peat plateaus and secondary runoff from wetlands that are hydrologically 
connected to the line either directly or indirectly via another wetland or series of connected 
wetlands. However, the impact of these linear disturbances on the hydrology of wetlands 
remains poorly understood. To build on our understanding of these disturbances on the 
landscape, this study examines the hydrological influence of a seismic line established in 1985 
in the Scotty Creek watershed in the Northwest Territories, Canada. Along the seismic line three 
adjacent wetlands with contrasting degrees of hydrological connection (i.e., open connected, 
narrow channel, isolated) to the line were monitored. It was found that wetlands connected to 
the seismic line have a lower water storage capacity leading to overflow of water into the 
seismic line. Increased water input to the seismic line results in higher soil moisture and 
accelerated permafrost thaw along the edges. Permafrost thaw along the edges of seismic lines 
expands the total area contributing runoff to the seismic line, and the proportion of secondary 
runoff. These results suggest that the thaw of permafrost adjacent to seismic lines increases 
secondary runoff production through 1) partial drainage of adjacent wetlands that develop 
hydrological connections with the seismic line, and 2) expansion of the runoff contributing area. 
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The former provides a transient runoff contribution, while the latter results in a permanent runoff 
increase.  
2.2. Introduction 
          Seismic operations were founded on the assumption that seismic lines would become 
revegetated and as such return to their pre-disturbance condition (Gulley, 2006; Lee & Boutin, 
2006). The revegetation of a seismic line depends on how wide the lines were constructed. 
Narrower seismic lines (>3m width) have been found to recover vegetation more successfully 
than wider lines, which experience a drastic increase of surface light exposure (Rensen et al., 
2015). However, regrowth in regions underlain by permafrost or in areas of high wetland 
coverage has been slow or often has not occurred (Gulley, 2006) even after 50 years (Rensen 
et al., 2015; Williams, 2012). Seismic lines can be repurposed into roads and recreational 
pathways and increase the north’s accessibility, however such activities slow or even preclude 
recovery (Lee & Boutin, 2006). This is why the Northwest Territories (NWT) government, upon 
the conclusion of explorations, encourages trees to be placed at the beginning and end of 
seismic lines, as it discourages its use and allows the chance for it to recover (GNWT, 2015).   
 Aside from removal or disturbance of vegetation, seismic exploration invariably results 
in compression of the surficial layer of peat, making the seismic line become a sink for water on 
the landscape. With the surficial layer lowering, the soil moisture of a seismic line increases 
(Braverman & Quinton, 2016). This generates a positive feedback whereby increased moisture 
content increases the thermal conductivity of the peat, which increases the rate of ground thaw 
(Hayashi et al., 2007). A higher thermal conductivity not only increases ground thaw but 
counteracts refreeze in the winter due to more energy being present in the soil at the end of 
summer (Hayashi et al., 2007). Lack of refreeze of the active layer leads to permafrost thaw and 
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permanently wet conditions along a seismic line. As permafrost is lost, the seismic line often 
ends up resembling a sunken, linear ditch (Figure 2d) (Braverman & Quinton, 2016).  
 Rates of permafrost thaw and inundation from ground surface subsidence are 
particularly high along the edges of peat plateaus (Quinton et al., 2019), since these edges are 
also the interface between permafrost and permafrost-free terrains. Likewise, the rates of these 
processes are also relatively high along the edges of seismic lines since they also represent an 
interface between permafrost and permafrost-free or permafrost-degraded terrain. As a result, 
the edges of seismic lines, like those of thawing peat plateaus, exhibit relatively high rates of 
tree (black spruce) mortality (Braverman & Quinton, 2016; Williams et al., 2013). These trees 
lose their structural support with the degradation and loss of the underlying permafrost. Trees 
then begin to lean toward the seismic line given that the ground is sloping toward it.  Along the 
focus sites, permafrost loss is most pronounced on the south side of the 1985 seismic line 
(Braverman & Quinton, 2016). Although the solar radiation received is higher on the north side, 
the placement of tree debris during the installation of west-east lines kept the north side 
relatively dry allowing the permafrost to persist (Williams et al., 2013; Williams & Quinton, 2013). 
The persisting permafrost and debris placement on the north side redirected water flow to the 
south side causing the seismic line’s underlying permafrost to have greater thaw (Williams et al., 
2013). Drier conditions on the north side of the seismic line allowed for the regrowth of 
vegetation, which has reduced permafrost thaw by acting as insulation (Braverman & Quinton, 
2016; Williams et al., 2013). Some of the observed vegetation regrowth included ericaceous 
shrubs including Labrador tea (Rhododendron groenlandicum), leatherleaf (Chamaedaphne 
calyculata) and young black spruce (Picea mariana) trees.  
 The vegetation adjacent to seismic lines is also affected (Dabros et al., 2017; Lee & 
Boutin, 2006; Rensen et al., 2015) by changes in exposure to solar radiation (Dabros et al., 
2017), soil moisture (Chasmer et al., 2011) and permafrost thaw (Braverman & Quinton, 2016). 
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The effect is readily observed up to 10m from the edge (Baltzer et al., 2014) and manifested by 
drunken forest (Braverman & Quinton, 2016), thinning of the forest canopy (Chasmer et al., 
2011), and subsidence and wetting-up of the ground surface (Williams et al., 2013). This 10 m 
marginal area slopes towards the seismic line, directing subsurface water flow into the seismic 
line, which causes localised permafrost thaw and the catchment of the seismic line to increase 
primary runoff (Connon et al., 2014). Primary runoff is received from soligenous wetlands that 
supply runoff to topogenous wetlands. Permafrost thaw can further increase the catchment as 
connections between wetland features and the seismic line form contributing secondary runoff 
(Connon et al., 2014). Secondary runoff can be received from an individual or series of 
connected wetlands from which its water flows down the hydrological gradient (Connon et al., 
2014). An example of these runoff contributing areas is depicted in Figure 3, as the red dashed 
lines represent primary contributing areas and blue dashed lines represent the areas total 
catchment. The total catchment includes both primary and secondary contributing areas.  
Figure 3. To understand primary vs second runoff for the seismic line the diagram shows time 1 
(a) when the seismic line was first created and time 2 (b) which is >50 years later as wetlands 
become a part of the drainage system. The dotted line represents the runoff catchment during 
each time. 
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As shown in Figure 3b, cascading wetlands connected to a seismic line increase the 
area of the catchment that contributes runoff to that seismic line, mainly through an increase in 
secondary runoff (Connon et al., 2015). Water flows through cascading wetlands by the fill and 
spill mechanism described by Connon et al. (2015) for this landscape. This mechanism of 
wetland to wetland transfer of water surface flow that was found to increase the runoff to 
channel fens from peat plateau – wetland complexes, was attributed to increased hydrological 
connectivity between wetlands as a result of the thaw of the permafrost that was separating 
them. Likewise, the thaw of permafrost between wetlands near seismic lines increases the 
extent of the runoff contributing area. Changing the contributing area from one which is 
dominated by primary runoff from along the slopes of seismic lines (Figure 3a) to one with 
greater contribution from secondary runoff contributed from connected wetlands (Figure 3b). 
The subsidence of a seismic line’s ground surface is driven by preferential permafrost thaw 
below it, which ensures that the hydraulic gradient is directed towards the seismic line. Since 
seismic lines receive preferential permafrost thaw, the local runoff of seismic lines is increased. 
This process may also increase runoff at the larger, basin scale as seismic lines and seismic 
grids have the potential to short circuit natural drainage routes and to provide flow paths to 
areas previously impounded by permafrost (Braverman & Quinton, 2016).   
 The flow paths connecting wetlands often appear as narrow, subtle depressions on the 
landscape, they are often difficult to identify from satellite imagery (Connon et al., 2015). 
Quinton et al. (2003) accounts for this in their classification by setting the parameter that if two 
wetlands share even one pixel (30m x 30m) then the two wetlands are connected. However, 
with this parameter connections can still be missed, which leads to inaccuracies in calculating 
watershed areas. For example, Figure 2c shows an aerial photo of the study site where the 
channel for ‘Wetland 2’, the narrow channel connected wetland, is not visible due to trees along 
the plateau edge leaning into the channel providing canopy cover. To identify channels 
16 
 
remotely, the best approach is to look at the area's surface elevation from the top down (Figure 
6a). Well defined channels similar to wetlands have had permafrost loss and a decrease of 
elevation so they are identifiable in digital elevation models (DEMs) (Connon et al., 2015). Early 
development of channels may also be detected if the DEM is combined with a canopy cover 
map. A loss of canopy due to higher soil saturation from elevation loss can be used to predict 
whether an isolated wetland is at risk of becoming connected (Chasmer et al., 2011). However, 
ground proofing to identify the presence of a talik would be needed to verify the early stages of 
a subsurface connection (Connon et al., 2015; Connon et al., 2018).   
The word taliks is a Russian term that means ‘thawed ground’. Taliks form in areas of 
discontinuous permafrost, where the active layer is a porous material that easily allows warm 
water to flow through it (Connon et al.,2018; Muller, 1947). The warm water reaches the 
permafrost layer leading to thawing and creating a depression in the landscape (Shur & 
Jorgenson, 2007). The depression on the surface conducts water flow and as such, maintains a 
relatively high water table elevation and near-surface soil moisture content compared to flat, 
sloped or elevated sections of permafrost underlaid landscape. The near surface peat 
depressions, therefore, maintain a relatively high thermal conductivity accounting for the 
preferential permafrost thaw (Braverman & Quinton, 2016). Due to the depressions having a 
high thermal conductivity, it results in a counteraction of refreeze in the active layer during the 
winter (Hayashi et al., 2007). The combination of preferential permafrost thaw and the refreeze 
counteraction in the active layer can lead to the formation and continued growth of taliks on peat 
plateaus and along seismic lines (Connon et al., 2018; Williams et al., 2013).  
The ground surface above taliks tends to have little to no tree coverage because of high 
soil moisture in the rooting zone. The lack of trees results in an increase of shortwave radiation 
hitting the ground. This increases the amount of energy entering the ground, which counteracts 
the active layer refreeze. If the active layer does not refreeze deep enough to meet the 
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permafrost layer, a talik is created (Connon et al., 2018).  Ground heat loss of taliks during the 
winter is decreased due to a talik’s ground thermal regime and the snowpack above it acting as 
an insulator (Connon et al., 2018). This leads to the talik functioning as a subsurface water 
channel that is accessible year round (Braverman & Quinton, 2016). And as more water flows 
through the subsurface channel and along the relatively impermeable permafrost layer, the 
water's heat is transferred causing permafrost thaw to accreate (Quinton et al., 2009). This 
eventually leads to a more defined depression on the landscape. Taliks have been found to 
grow in size each year with the warming air temperatures and through positive feedback 
systems of the wet soil conducting heat leading to more thawing the following year (Connon et 
al., 2018). As a talik expands, it thaws the surrounding permafrost both vertically and laterally 
and can lead to subsurface water connections with nearby wetlands and the seismic line.  
 The overall objective of this study is to examine the hydrological impact of seismic lines 
on the adjacent wetlands, which is a topic that needs to be investigated further (Chasmer & 
Hopkinson, 2017; Dabros et al., 2017). Given the influence of climate change-induced 
permafrost thaw on the hydrological connectivity of wetlands to the drainage network and 
subsequently its capacity to store water was investigated (Connon et al., 2014; Haynes, et al., 
2018). To investigate the hydrological influence of a seismic line, the water level, surface 
elevation and soil moisture of the wetland’s plateau fringe were quantified. This was 
accomplished by monitoring three wetlands, one fully connected to the seismic line, one narrow 
channel connected, and one isolated from the seismic line.  
2.3. Site Description      
This study was conducted at the Scotty Creek Research Station (61.44°N, 121.25°W), 
located in the southern Northwest Territories (NWT), Canada, approximately 50 km south of 
Fort Simpson (Figure 1). The research site is located in the discontinuous permafrost zone and 
consists of different types of land features that shape this landscape including permafrost 
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elevated, forested peat plateaus and wetland features that are permafrost-free (i.e., channel 
fens, collapsed scar bog) (Quinton et al., 2011). Anthropogenic land features in the Scotty 
Creek area include winter roads and seismic lines (Figure 9). The 1985 seismic line is the focus 
of this study and is highlighted in red on the map in Figure 9.  
Figure 1. The Scotty Research Station is located in the southern Northwest Territories, 
approximately 50km south of Fort Simpson (a). The black line outline represents the Scotty 
Creek water basin with the location of the research station accentuated by the black dot on the 
map (b) (Quinton et al., 2019). 
On the peat plateaus, black spruce (Picea mariana) trees with epiphytic lichens that 
grow on its lower dying limbs dominate the over story. The understory includes ericaceous 
shrubs including Labrador tea (Rhododendron groenlandicum), leatherleaf (Chamaedaphne 
calyculata) and bog laurel (Kalmia polifolia). Ground lichen (Cladonia spp.) and mosses 
(Sphagnum spp.) cover much of the relatively dry surface of the peat plateau (Connon et al., 
2015; Garon-Labrecque et al., 2015). Wetlands in the Scotty Creek basin include channel fens 
and collapsed scar bogs. The vegetation of channel fens consists predominantly of floating peat 
mats supporting sedges including Trichophorum alpinum, Eriophorum spp., and Carex spp. The 
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sedges occur with other species including Sarracenia purpurea and individual tamarack trees 
(Larix laricina). Collapsed scar bogs are species-poor floating mats dominated by Sphagnum 
mosses, (Sphagnum fuscum, S. angustifolium, and S. riparium) (Connon et al., 2015; Garon-
Labrecque et al., 2015). These wetlands receive water both directly from precipitation as well as 
indirectly as primary runoff from surrounding elevated peat plateaus (Connon et al., 2014). 
Because wetlands lack permafrost, their appearance on the landscape is a depression with the 
function to receive and store water. The water tends to pool in the center unless the wetland is 
connected to another wetland feature where water is able to drain (e.g., channel fen, seismic 
line, another wetland) (Connon et al., 2014; Quinton et al., 2011). When low water tables occur 
in wetlands from draining and hummocks form, tree saplings and ericaceous shrubs are given 
the opportunity to grow (Chasmer & Hopkinson, 2017). Ericaceous shrubs that are able to take 
advantage and become dominant are leather leave (Chamaedaphne calyculata (L.) Moech), 
bog rosemary (Andromeda polifolia L.), and small cranberry (Vaccinium oxycoccos L.) (Garon-
Labrecque et al., 2015).  
Three wetlands in a 1000 m² study plot of the Scotty Creek watershed were selected to 
be monitored. Referring to Figure 2c, ‘1’ is the ‘Open Connected’ wetland, meaning when the 
seismic line was created directly through it, which from here on will be referred to as ‘Open 
wetland’. ‘2’ is the ‘Narrow Channel Connected’ wetland, which is a wetland that was not 
originally connected but, over time, a seasonal channel was formed connecting the wetland to 
the seismic line. The hydrological connection between the narrow channel connected wetland 
and seismic line due to thawed permafrost can be identified by the channel’s surface elevation 
being similar to the surrounding wetlands (Figure 6a). Finally, wetland ‘3’ is the ‘Isolated’ 
wetland, which is a wetland in the surrounding area without clear visual signs that a channel 
connects it to the seismic line from the surface. 
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Figure 2. Looking at an overview of the before (a) and after (b) the creation of the 1985 seismic 
line. The red box in these photos (a, b) are the wetlands identified in (c) as so; 1) Open 
Connected wetland, 2) Narrow Channel Connected wetland, and 3) Isolated wetland. The wells 
are marked with coloured dots for their respected wetland. (d) is looking east along the seismic 
line, a ditch-like wetland. 
2.4. Methods 
2.4.1. Digital elevation model 
         Digital elevation data was collected remotely via Light Detection and Ranging (LiDAR) 
flights for the Scotty Creek watershed was collected in July 2010 by Applied Geomatics 
Research Group, in Nova Scotia, Canada and in September 2018 by C. Hopkinson and L. 
Chasmer, University of Lethbridge. The data was taken and processed to create 1 m² (0.2 m 
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vertical) resolution digital elevation models (DEMs) for the basin. To determine how the seismic 
line elevation has changed between 2010 and 2018, a 1.7 km section of the seismic line’s 
elevation, that included the focus site, was compared using ArcMap 10.5 (3D Analyst tool) 
(Figure 5a). From the 1.7km section of seismic line, another surface elevation figure was 
created focusing on the 0.75 km stretch of seismic line adjacent to the focus site's wetlands 
(Figure 5b).  
2.4.2. Soil Moisture 
         Soil moisture was recorded once the ground thawed to a minimum of 10cm to allow the 
probe to be vertically inserted into the ground. As of May 13, 2018, the ground thawed to a 
depth of approximately 10 cm and soil moisture was recorded for the flagged points on the 
following days: May 13, May 17, May 26, May 30, and June 2. Each of the three focus wetlands 
had a total of 20 flags - 5 flags in each cardinal direction placed 50cm apart in a line following 
the slope of the plateau fringe (Figure 8a, b). The purpose of measuring soil moisture along the 
plateau fringe is to provide insight of how the hydrological connectivity of wetlands effect its 
growth, as soil moisture is a major factor in permafrost thaw (Williams & Quinton, 2013). For 
each flagged point, the soil moisture was taken twice sequentially, using a Hydrosense 2 
handheld device with a 10 cm probe inserted vertically into the ground. Hydrosense 2 is a 
Campbell Scientific Inc. product that measures the volumetric water content, and a value for the 
wave period (μsec). For each reading, the period value was recorded and used to calibrate the 
soil moisture percentage using a formula provided by Bourgeau-Chavez and Loboda (2016): 
                               𝜃 =  𝐴 𝜏² +  𝐵 𝜏 +  𝐶,                       (1) 
where 𝜏= period value (μsec), A = -11.711, B = 73.276, and C = -71.367. Bourgeau-Chavez and 
Loboda (2016) provided calibration coefficients based on the land's soil type, device used, and 
length of probe. The calibration coefficients chosen for this study were the bog group with a 
10cm probe on the Hydrosense 2. Once calculated the data was plotted using RStudio (Rstudio 
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Inc.) into a boxplot and tested to see if the soil moisture values for each wetland’s plateau fringe 
were significantly different from one another. Looking to the perimeter of the wetland for soil 
moisture gives us insight into the wetlands edge permafrost thaw. Plateau fringe with high water 
content are connected to accelerated permafrost thaw affecting the growth of the wetland in size 
and shape (Connon et al., 2015). 
2.4.3. Water level 
         Wells were installed in 2015 to record the water level data for the center of each of the 
three wetlands and the seismic line. Figure 2c highlights the well locations: (1) light blue for the 
open wetland’s well, (2) dark blue for the narrow channel wetland’s well, (3) red for the isolated 
wetland’s well, and (4) purple for the seismic line’s well location. Each well was equipped with a 
Solinst pressure transducer recorders (0.1cm accuracy) that record year-round at a depth of 
1.5m. Readings for the data logger were set to be taken at 30-minute intervals with the average 
of those measurements being recorded every 6 hours. It is important to note that none of these 
wells were not anchored, meaning that as the ground fluctuates the wells may shift as well. 
These shifts can cause spikes in the datasets. To correct the water level to the following 
equation was used.  
CWL (m) = WL (m) - (PA (kPa) ∗ 0.101972 m/kPa)      (2) 
The Corrected Water level (CWL) was calculated by taking the Water level (WL) from 
the Solinst recorder and subtracting the atmospheric pressure (PA) from the research station’s 
meteorological station. To accomplish this the atmospheric pressure values the units were 
converted to meters from pascal using the conversion constant 0.101972 m/kPa. The corrected 
water level data was standardized to sea level elevation using the dGPS points of the top of the 
well’s casing and the water level at that time. For the purpose of this study a growth season is 
defined by the temperature at 1m depth of the well sites. It begins when the soil’s temperature 
stays above zero degrees and ends when the temperature stays below zero degrees.  
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2.4.4. Wetland surface water presence 
Wildlife cameras (Recoxyx, HyperFire Professional Semi-Convert Camera Trap - 
PC800) were attached to black spruce trees on the plateau, which provided a landscape view of 
the three wetlands on April 17, 2018. The cameras were programmed to take a photo at 1pm 
and 2pm daily until February 3, 2019. Photos were then projected on a drone aerial image using 
Photoshop software (Figure 7b). In Figure 7b three days were chosen to represent the water 
recession (May 1, 8, and 18). (Figure 7b). Each chosen day’s surface water is represented by a 
colour gradient which is labelled with the corresponding date. These dates were chosen 
because they best represent the drastic surface water decrease of the narrow channel 
connected and isolated wetland. The open wetland was excluded because by May 1 the surface 
water was no longer visible in the photos.  
2.4.5. Differential Global Positioning System (dGPS) 
Using Leica Geosystems ground surveying equipment (SR530 RTK) dGPS (Differential 
Global Positioning System) points were taken to determine absolute elevation to an accuracy of 
± 0.02 m. The dGPS point’s elevation was recorded for key points such as equipment heights 
(e.g., well casing) and flagged points in the focus area on August 23, 2018. These flagged 
points were located on the plateau fringes of each wetland set up in a cross formation in the 
cardinal directions. Each cardinal direction had 5 flagged points in a line following the slope of 
the plateau fringe (Figure 8a). 
2.4.6. Data Statistics  
 The significance of the wetland’s surface elevation difference was tested for 2010 and 
2018 based on the wetland’s varying connection to the seismic line. Both datasets had non-
normal distributions that could not be corrected with log transformations. The TukeyHSD test 
was used to determine if the wetland elevations were significantly different. It was found that two 
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connected wetland elevations were not significantly different from each other (2010: Narrow 
Channel Connected-Open p = 0.150, 2018: Narrow Channel Connected-Open p = 0.085). Also, 
that the isolated wetland elevation was significantly different from the narrow channel connected 
and open wetlands in both 2010 and 2018 (2010: Isolated-Narrow Channel Connected p = 
>0.001, Isolated-Open p = >0.001, 2018: Isolated-Narrow Channel Connected p = >0.001, 
Isolated-Open p = >0.001). A second test was done looking at the three wetlands individually. 
Over the 8 year period, the elevation of each decreased by approximately 10 cm, which was 
found to be a significant decrease of elevation (Isolated 2010-2018 p = >0.001, Narrow Channel 
Connected 2010-2018 p = >0.001, Open 2010-2018 p = >0.001). 
A TukeyHSD significance test was done on this dataset to verify if the moisture 
difference was significantly different. It was found the connected wetlands had a significantly 
higher soil moisture than the isolated wetland (Narrow Channel-Isolated p= 0.003, Open-
Isolated p= p = >0.001). The two connected wetlands, however, did not have significantly 
different soil moisture from each other (Narrow Channel-Open p= 0.656). 
2.5. Results 
2.5.1. Ground surface elevation of the seismic line and wetlands 
         Over the 1.7 km length of seismic line presented in Figure 5a, the average change of 
ground surface elevation between 2010 and 2018 was 2 cm. The minimum and maximum 
subsidence values along this section of seismic line being 1 and 32 cm, respectively. 
Subsidence was particularly pronounced in areas of where the rate of permafrost thaw is 
relatively high, including the focus area of the present study. For example, at the intersection of 
the open wetland and seismic line, the ground surface subsided by 16 cm (Figure 5b).  Because 
of wetlands' lack of permafrost, the sections of seismic line that traverse wetlands also lack 
permafrost (Quinton et al., 2009). Due to wetlands’ high soil moisture, the overlap sections of 
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seismic line and wetland result in increased permafrost thaw along the seismic line edges in 
contact with the overlap (Braverman & Quinton, 2016). There are points along the segment of 
the seismic line shown in Figure 5a that appear to have slightly increased their elevation since 
2010, although the magnitude of increase is within the measurement error of 20cm for the 
LiDAR method. It is interesting to note however, that instances of increased ground surface 
elevation occurred mostly at high points along the seismic line, while the greatest ground 
surface subsidence occurred mostly in the low points (Figure 5a). This pattern may be linked to 
the land type that is present in those sections of the seismic line. As seen in Figure 5 a and b, 
the section that had the greatest decrease in surface elevation was a wetland that overlapped 
with the seismic line. In the case of the topographic high points along the line, it is in these 
places where revegetation (e.g. moss, shrubs, and black spruce seedlings) is most 
concentrated and likely had permafrost present below to support the vegetation regrowth. This 
stands in contrast to the depressions where the vegetation is limited to mosses and other low-
growth hydrophilic plants that grow in proximity to standing water.  
 In 2018, both the open and narrow channel connected wetland’s average elevation was 
270.70 m above sea level. The average elevation of where the seismic line and open wetland 
overlap (24 to 45 m in Figure 5b) was 270.65 m. The lowest elevation in the overlap section was 
270.60 m (34 to 43 m in Figure 5b). It is also in this overlap section that the narrow channel 
connected wetland’s channel connects to the seismic line. Both of the connected wetland’s 
average elevation is 270.70m, which was 10 cm higher than the lowest point in the overlap 
section. Though being within the LIDAR method of error of 20 cm, the water level data supports 
this by showing a sharp decrease indicating water loss down the hydrological gradient implying 
there is an elevation difference. For the isolated wetland, the section of seismic line that is 
closest ranges from 51 to 55 m in Figure 5b. The average elevation of this section of the seismic 
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line is 270.80 m, which is 40cm lower than the isolated wetland’s average elevation of 271.20 
m.  
 
Figure 5. The seismic line elevation (m) in 2010 and 2018 for (a) the 1.7 km m section, and (b) 
the 0.75 km of the focus area. The focus wetland’s average surface elevation in 2010 and 2018 
is displayed as a boxplot in (c). The letters represent the significance for wetland’s elevation for 
each year. The red box in (a) indicates the location of the focus area.  
2.5.2. Wetland water level comparison based contrasting degrees of                    
hydrological connection 
         As the ground surface thaws over the growth season and becomes more permeable, 
there is a rapid increase in water levels for all three wetlands. Unlike for the isolated wetland, 
the increase of water level in the open and narrow channel connected wetlands was brief. 
Subsequent to the water increase, the connected wetlands water levels sharply dropped in the 
first couple of weeks at the beginning of each growth season (Figure 7a). When the water level 
dropped, the water receded from the surface. Figure 7b visually depicts the surface water 
recession for the isolated and narrow channel connected wetland in the spring of 2018. It was 
found that only the isolated wetland maintained surface water in its center throughout the year, 
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while the surface water drained from the other two connected wetlands by May 1, 2018  for the 
open wetland and May 18, 2018  for the narrow channel connected wetland. Water receded 
differently for the connected wetlands, as the water receded towards the seismic line, while the 
isolated wetland’s surface water receded towards the center as depicted in Figure 7b.  
The thaw season of 2016 had the most prominent water level decline for the narrow 
channel connected and open wetlands (Figure 7a). The narrow channel connected wetland’s 
water level spike reached 271.25 m above sea level on April 30th, then dropped to 270.96 m 
sea level on May 8th, 2016. Therefore, in a span of 8 days, the water level of narrow channel 
connected wetland dropped approximately 29 cm. The open wetland water level also dropped 
approximately 24 cm, from 271.31 m to 271.07 m during the same time. In 2018, the water level 
drop was not as severe as the narrow channel connected wetland loss 9 cm (271.10 to 271.01 
m) from May 1st to May 9th. During the same time the open wetland lost 15 cm (271.08 to 
270.93 m). 
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Figure 7. The water level from 2015 until 2018 for the focus wetlands and seismic line is 
compared in (a). The wintertime frame is shaded in grey. Surface water recession is visually 
displayed with grey colour gradient, a darker colour indicates the presence of surface water at a 
later period of time (b). Direction of surface water recession in each wetland is represented with 
arrows. The open connected wetland was excluded due to its surface water being no longer 
present by May 1, 2018. 
 
2.5.3. Wetland plateau fringe soil moisture  
Values from all 20 soil moisture measurement locations were used to obtain averages 
for the plateau fringe of each wetland (Figure 8b). The average value of moisture content for the 
29 
 
isolated wetland during the spring melt was lower than the corresponding values for plateau 
fringes of the two connected wetlands by 7.4% (Figure 8b).   
2.6. Discussion 
2.6.1. Wetlands adjacent to the seismic line  
The objective of this study was to investigate how seismic lines influence the natural 
drainage network of the landscape. As was seen in the previous section, the ground surface of 
seismic lines subsided due to permafrost thaw below the lines. Subsidence of seismic lines 
imposes a hydraulic gradient on adjacent terrains, including peat plateaus and wetlands, 
causing water to flow towards the lines (Williams et al., 2013). This preferential thaw process 
coupled with increased local drainage, has the potential to increase basin runoff due to 
expansion of the runoff source area in the vicinity of all seismic lines within a basin. 
Wetlands connected to a seismic line have one of three broad water level responses: 
flooding, partial draining, or maintaining a relatively constant water level (Figure 4). From the 
results, the two connected wetlands are draining as seen in the water level displayed in Figure 
7a. As the permafrost that prevented wetlands from draining into near-by seismic lines thaws, a 
subsurface runoff pathway develops allowing wetlands to partially drain and increase the 
number of wetlands connected to the drainage network. Pathway development may be 
accelerated by the presence of a talik between a seismic line and wetland as taliks have been 
found to grow in size each year (Figure 6a). More research is needed to confirm if the presence 
of a talik has a significant impact on channel development. The importance of knowing how 
wetlands are affected by a seismic line will improve estimates of runoff and of partitioning of 
precipitation input between storage and flow. 
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2.6.2. Increased catchment in a discontinuous permafrost landscape 
The presence of seismic lines as well as other linear disturbances makes it difficult to 
identify a connected wetland’s catchment (Connon et al., 2015). Connon et al. (2015) 
investigated the significance of secondary runoff from cascading wetlands into the drainage 
network. My study builds on Connon et al.’s (2015) work, as wetlands connected to a seismic 
line have similar hydraulic mechanisms as cascading wetlands. Because of a connected 
wetland’s low water threshold, a portion of its spring freshet spills into the seismic line (Connon 
et al., 2015). The wetland’s low water storage threshold is due to its connection and elevated 
position over a seismic line creating a hydrological gradient sloping towards it. Williams et al. 
(2013) found during snowmelt, a channel had 3 days (May 6-8, 2011) of peak water flow of 4-
5L/s into the seismic line. From May 9th to the 16th, the water flow dropped to an average of 
2.5L/s. This data supports the dramatic water loss seen in later years, as the water level drops 
very quickly for the connected wetlands (Figure 7a).  
The soil moisture of the connected wetlands’ plateau fringe was significantly higher than 
the isolated wetland (Figure 8b). Instead of having a steep fringe as seen in isolated wetlands, 
the connected wetlands develop a steady incline slope that is closer to the water table due to 
permafrost loss. A possible explanation for this is the loss of water and energy in the connected 
wetlands, causing irregular growth patterns. The presence of water decreases the albedo and 
alters the soil thermal regime (Jorgenson & Osterkamp, 2005). These findings suggest that the 
loss of water from draining would cause a change in the soil thermal regime and affect 
connected wetlands’ horizontal growth. It was visually observed when comparing the three 
wetlands' physical charastics. The irregular horizontal growth may be the cause of these low 
incline slopes to develop. Water moves more slowly along these low incline fringes, which 
allows more heat to transfer into the soil leading to increased permafrost thaw along the fringe. 
This results in the surface elevation of the connected wetlands’ fringe to subside due to the 
31 
 
thaw, which in turn increases water table elevation due to ground subsidence. An increase to 
the water table elevation pushes back the fringe as the surrounding area’s soil moisture 
increases resulting in wetland growth and increases the catchment.  
2.6.3. Seismic line catchment and ephemeral channel formation 
As permafrost thaws, a landscape’s catchment is further expanded as more previously 
isolated wetlands become connected to seismic lines. For the Scotty Creek basin, Chasmer and 
Hopkinson’s (2017) study found the loss of permafrost per year has changed from 0.19% (1970-
1977, forecast to 2000) to 0.58% (2000 to 2015). The amount of permafrost loss per year will 
continue to rise because of rising air temperatures and positive feedback loops of thaw (Connon 
et al., 2014; Richter-Menge et al., 2019). As permafrost continues to thaw, it is apparent the 
isolated wetland in this study will become a part of the catchment as it forms a channel to the 
seismic line. In 2018, the observed channel development between the isolated wetland and the 
seismic line had created a talik. The presence of a talik indicates preferential permafrost thaw is 
occurring between the seismic line and the isolated wetland. From the surface elevation image, 
the talik’s location can be identified from its depression in the landscape (see black box in 
Figure 6a). The surface elevation also reveals the talik is likely connected to the seismic line, as 
the image shows a depression resembling a channel connecting the two (Figure 6a). However, 
the channel connecting the seismic line and the talik was not confirmed with ground truthing. 
The portion of the seismic line closest to the talik is another area where a depression is 
forming, which can be seen in figure Figure 5b from 51 to 55m. Compared to the isolated 
wetland surface elevation (Figure 5c), this portion of the seismic line’s surface elevation is 
approximately 40 cm lower. Because of the isolated wetland’s higher elevation, the isolated 
wetland’s hydrologic gradient will slope towards the seismic line. It is evident though from the 
water level data that the isolated wetland does not have a well established pathway as of 2018. 
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As the water level data shows, the isolated wetland does not have a sharp decrease in water 
level as seen for the two connected wetlands in the spring thaw (Figure 7a). However, as earlier 
discussed, taliks continue to grow each year as water is drawn in due to its subsided surface 
elevation from permafrost thaw. This means as permafrost continues to thaw, the previously 
isolated wetland will become connected to the drainage network. Though only one of these 
nearby isolated wetlands were looked at in this study, it is not the only one being hydrologically 
influenced by seismic lines.  
Along the seismic line, as mentioned, there are areas of lower elevation to which water 
congregates and drains its surrounding area (Figure 5a). Because of the seismic line’s uneven 
terrain, water does not have surface flow year round. However, the presence of taliks under the 
does allow for some water flow below the surface. During snowmelt and rainfall events there is 
an increase of water input to the seismic line. This results in seismic lines becoming more 
hydrologically connected due to the fill and spill mechanism (Williams et al., 2013). Connected 
wetlands also become more hydraulically connected during these events. Examples of this are 
seen in Figure 7a for the connected wetlands. The water level increases with the spring melt 
and rain events and then decreases due to the overflow of water spilling into the seismic line. 
During these events, it is assumed the amount of water flowing into the drainage network 
increases as narrow channel connected hydrological pathways become more active (Connon et 
al., 2015). Williams et al. (2013) study found during the peak runoff period of snowmelt, the 
1985 seismic line discharges three times the total amount of water that is stored on the above 
ground surface. As the peak passes and flow decreases, Williams et al. (2013) found this to be 
a clear sign that the seismic line’s water input was also decreasing.  
The increase of runoff has been seen in the nearby rivers. It has been documented that 
the streamflow in the lower Liard River valley, NWT has increased and it cannot solely be 
explained by the increase of precipitation in the region (Connon et al., 2014). This means other 
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changes such as permafrost thawing and the increasing number of wetlands connecting to the 
drainage network may be a reason for the increased streamflow. The amount of water flowing 
into the seismic line will increase with time as the already connected wetlands’ catchment 
increases and more previously isolated wetlands develop pathways as permafrost thaws. 
2.6.4. What to consider when identifying wetland connections 
This work continues to develop our understanding of a wetland’s role in a changing 
discontinuous permafrost landscape to aid the development of accurate water network models. 
For these models, it is important to know where permafrost resides and how different land 
features interact with each other in relation to water pathways. Understanding these two aspects 
will give a better insight into how water transverses the landscape (Braverman & Quinton, 2016; 
Connon et al., 2014; Connon et al., 2015; Williams, 2012). It is difficult to determine if a wetland 
is isolated or connected to the water network because subsurface connections are not well 
understood (Quinton et al., 2003). The detection of a talik between the wetland and other land 
features (e.g., fen, seismic line, another wetland) can help determine if a wetland is connected 
or isolated. An approach of detecting a talik besides conducting field work with a frost probe is 
to analyze the surface elevation around the proximity of the wetland.  
Permafrost that exists below taliks resides much lower causing the overall surface 
elevation to be lower than the surrounding peat plateau that is talik free (Connon et al., 2018). 
However, the presence of a talik does not necessarily mean there is an active pathway. The 
isolated wetland in this study is an example of this, as its water level does not mirror the 
connected wetlands, though there is a talik present between itself and the seismic line. Over the 
next few years however, I believe that this is going to change. The talik is likely to expand due to 
permafrost thaw and eventually connect the isolated wetland to the seismic line. This 
assessment is based on the assumption that taliks expand each year. Because of warming 
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temperatures, it is highly likely taliks do expand each year as permafrost is lost, however it is not 
confirmed this is always the case. Future research should investigate individual taliks to 
determine an average yearly growth and the chances of them shrinking and/or disappearing. 
Quantifying the average growth of individual taliks will provide an approximate timeline of when 
more wetlands will become connected to the drainage network. Therefore, a more accurate 
estimation of secondary runoff that the seismic line will receive can be predicted by water 
network models.       
2.6.5. Predicting the future of wetlands presence in the north 
Permafrost thaw continues to hydrologically connect wetlands in the north (Braverman & 
Quinton, 2016; Connon et al., 2014). The development of these hydrological channels has been 
shown in this study to decrease the water level of wetlands connected to a seismic line. Avis et 
al. (2011) conducted a simple simulation focusing on permafrost thaw’s effect on the number of 
wetlands present in the north. It was found as permafrost thaw increased, there was an abrupt 
increase in the number of wetlands followed by an overall decrease. While Avis et al.’s (2011) 
simulation aligns in some ways with what is occurring in the Scotty Creek basin, the outcome 
differs. In particular, the Scotty Creek basin has seen an increase in wetland coverage as 
permafrost thaws, however it has not been followed by a decrease (Chasmer & Hopkinson, 
2017). The probable cause of differing outcomes of Avis et al.’s (2011) simulation and the 
Scotty Creek basin is likely due its simplicity and variable input. As stated in Avis et al’s (2011) 
paper, this is a simple model as it does not simulate variation in water table depth or lateral 
water flow. Advancing the model to better represent wetland presence in the north requires 
studies to define the characteristics of the changing landscape. For the model to be applied to a 
peat dominated discontinuous permafrost region, such as Scotty Creek, it needs to account for 
the loss of surface elevation as permafrost thaws. Avis et al.’s (2011) simulation showed that as 
the permafrost table receded deeper, the water table followed resulting in dryer upper soil 
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layers. Because of the upper soil layer’s lack of moisture, the simulation assumed these areas 
were no longer wetlands. However, it was shown in my study and others that the loss of 
permafrost results in the loss of ground surface elevation in regions dominated by peatland 
(Figure 5c) (Braverman & Quinton, 2016, Williams et al., 2013). The loss of ground surface 
elevation reduces the distance between the upper soil layer and the water table, which leads to 
an increase of soil moisture in the upper soil layer (Williams et al., 2013). Investigating these 
interactions will improve models, such as Avis et al.’s (2011) model, to increase their accuracy 
and provide better insight on how the presence of wetlands in the north is changing.  
2.7. Conclusion 
Seismic lines have not been installed in the Northwest Territories since 2013 (Cameron, 
personal communication). However, the edge influence of seismic lines continues to accelerate 
permafrost thaw and change the landscape’s hydrology (Chasmer & Hopkinson, 2017; Dabros 
et al., 2017). Over time seismic lines have shifted and continuous permafrost thaw has created 
more channels, increasing the number of connected wetlands (Braverman & Quinton, 2016). 
From the results it was found that wetlands with connections to seismic lines have a lower 
storage capacity for water. The lower storage capacity leads to partial draining of wetlands’ 
water into the seismic line. Due to partial draining, connected wetlands’ growth is irregular 
compared to wetlands with no connection to the seismic line. The irregular growth of a 
connected wetland can affect the wetlands’ catchment, which in turn affects how much 
secondary runoff is contributed to the seismic line. Increasing the amount of water entering the 
seismic line inhibits the recovery and allows for the line to be hydrologically connected. A 
seismic line that is more hydrologically connected results in more water moving across the 
landscape instead of being stored. Understanding these hydrological interactions is necessary 
for creating models that will predict the overall landscape's runoff.  
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Chapter 3.0: 
3.1. Seismic lines’ transition following exploration 
The 1985 seismic line focused on in this study is one of many seismic lines located in 
the Northwest Territories still visible on the landscape. Even after 50 years, approximately one 
third of seismic lines fail to regenerate (Dabros et al., 2018; Rensen et al., 2015). The 
reclamation process of seismic lines in the Northwest Territories begins with setting objectives 
for the disturbed area. A common objective for these projects focuses on the land returning to a 
stable condition that is compatible with the surrounding land uses. For the disturbed area to be 
considered recovered, it needs to meet this as well as other required objectives specific to the 
area. For the reclamation process, it is required to monitor the landscape until these objectives 
are met and if necessary, return to the site to assist the recovery (GNWT, 2015). Recovery of 
seismic lines is inhibited due to the loss of permafrost resulting in subsidence of ground surface 
elevation. The lower the ground surface subsides, the closer the water table comes to the 
surface (Braverman & Quinton, 2016). Sections of seismic lines that overlap with wetlands can 
result in water collecting in depressions. In this study, the section of seismic line that overlaps 
the open wetland has seen water depths of up to one meter. Not all the water that collects in 
these depressions is retained all year. This water loss was visually observed in the study site as 
the water level raised during the spring melt and fell just below the ground surface by the fall. It 
is likely that over time most of the water is transported through subsurface channels down the 
seismic line’s hydrologic gradient.  
The change in soil moisture along seismic lines changes the vegetation able to grow. 
Because of seismic lines’ uneven ground surface, the species of vegetation that thrive varies. 
The depressions along a seismic line tend to have vegetation similar to wetlands consisting 
mainly of sphagnum spp.’s, while slightly elevated sections have different species of grasses, 
shrubs, and minimal stunted tree growth (Rensen et al., 2015). Vegetation and permafrost loss 
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along a seismic line can be further degraded by continued use. Because of reduced road 
access in the north, seismic lines may be repurposed as roads or are used for recreational 
purposes (Gulley, 2006). The loss of permafrost and high water tables prevents seismic lines in 
the discontinuous permafrost regions from fully recovering (Dabros et al., 2018). This means 
seismic lines will continue to change water networks they are in contact with by reducing water 
travel time and amount of runoff the landscape produces (Braverman & Quinton, 2016).  
3.2.  Future directions  
To continue our understanding, more work needs to be done on determining the amount 
of runoff connected wetlands contribute to the seismic line. Seismic lines continue to be 
connected to more wetlands over time as permafrost thaws (Braverman & Quinton, 2016). 
Increasing the number of connected wetlands results in a higher amount of water cutting across 
the landscape via seismic lines (Williams et al., 2013). This will lead to a larger discharge of 
water in the spring, which has been noticed in the nearby stream flow (Connon et al., 2014). 
The work presented here describes the features and signs to look for in wetlands affected by 
seismic lines. Affected wetlands tend to have low water storage capacity, lack of surface water, 
decreased surface elevation and the presence of a talik either already connected to the wetland 
or nearby. Another noticeable feature is the presence of hummocks in the dryer areas of 
draining connected wetlands. The presence of hummocks was not only observed in the 
connected wetlands in this study, but in other draining connected wetlands along the 1985 
seismic line. Many of these hummocks acted as ‘lifeboats’ for black spruce tree sprouts and 
other various grass species allowing them to grow.  
To build on this research the water flow between the seismic line and connected 
wetlands should be monitored year around. Williams’ (2012) research collected data on the 
spring water flow between the seismic line and wetland. He found the peak water flow to last 
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three days. Water flow between water features can occur year round through taliks, so wetlands 
connected to seismic lines via a talik can continuously lose water. As water continues to flow 
through the talik, it will result in accelerated permafrost thaw both vertically and horizontally. 
Horizontal permafrost thaw will cause the talik’s surface elevation to subside and further reduce 
the wetland’s water capacity. This will result in more water entering seismic lines leading to 
increased basin runoff. Determining the average rate of flow for a connected wetland based on 
its connectivity to a seismic line year round will provide an approximation of total runoff the 
basin will receive that year. This information will help create more accurate water network 
models and ultimately help us better understand the hydrology of a discontinuous permafrost 
landscape.  
3.3 Conclusion 
As permafrost is lost, the landscape’s topography, vegetation and hydrology will 
continue to change. Permafrost loss causes the land to become more wetland dominated as 
elevation of the landscape decreases, bringing the water table closer to the surface (Chasmer et 
al., 2011). The peat plateau degradation and high water tables result in high tree mortality 
(Baltzer et al., 2014). Permafrost along the edge of the peat plateau continues to get pushed 
back due to the high soil moisture accelerating permafrost thaw. As the peat plateau is pushed 
inwards, adjacent wetlands become part of the drainage network (Braverman & Quinton, 2016). 
From the results it is seen wetlands connected to the seismic line have a decreased water 
storage capacity. Connected wetlands having a lower water storage capacity result in more 
water flowing into the seismic line. More research is needed to identify the number of wetlands 
connected to the seismic line and how much runoff the seismic line produces. With this 
information we will be able to increase the accuracy of predicting the amount of runoff the basin 
will receive. 
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Appendices 
Appendix A: Quinton Lab Data Sheet Template  
 
Impact of a Seismic Line (cut in 1985) on the Hydrology of Wetlands with 
Different Hydrological Connectivity, September 2017 – June 2018 
Investigators: 
Angela Hamilton (Maiden Name: Elgie) (Wilfrid Laurier University) 
Dr. William Quinton (Wilfrid Laurier University) 
Summary: 
This study examines the influence of a seismic line established in 1985 in the Scotty Creek 
watershed, Northwest Territories, Canada on three adjacent collapsed scar wetlands of varying 
connection (connected, semi-connected, isolated) to the line. It can be difficult to identify 
connected wetlands remotely due to tree coverage and subsurface connections. Wetlands that 
appear to not be connected on the surface may have subsurface flow paths that form through 
the active layer and/or talik. These subsurface flow paths can develop into surface channels as 
the ground surface subsides due to permafrost loss. As more wetlands become hydrologically 
connected to the seismic line the remaining (hydrologically disconnected) portion of the land 
cover has less capacity to store water. Preferential permafrost thaw along and adjacent to 
seismic lines have transformed landscapes in the peatland dominated, discontinuous 
permafrost zone by reducing its ability to store water and increasing the proportion of 
hydrological inputs that contribute to runoff entering seismic lines from the adjacent terrain. It is 
hypothesized that this increased contribution of runoff is of two types: 1) transient runoff arising 
from the partial drainage of adjacent wetlands that develop hydrological connections with the 
seismic line, and 2) permanent connections that result from the expansion of the areas 
contributing runoff to the seismic line. It was concluded that the water level and surface 
elevation of connected wetlands were significantly lower than the isolated wetlands. Also, the 
soil moisture of the plateau fringe for the connected wetlands was significantly higher than the 
isolated wetland. Higher soil moisture along the plateau fringe is likely to result in a change in 
connected wetlands catchment. Connected wetlands increase the amount of runoff seismic 
lines receive, as connected wetlands provide a secondary runoff input. The increase of runoff 
for seismic lines has made recovery slow or absent. 
 Thesis Citation: 
Hamilton. A. Impact of seismic lines on the hydrology of wetlands in the discontinuous 
permafrost zone, southwestern Northwest Territories. Wilfrid Laurier University.  
Publication Citation:  
None as of August 6, 2020. 
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Table of Contents: 
1 Data Set Overview 
2 Data Characteristics 
3 Quality Assessment 
4 Data Acquisition Materials and Methods 
5 References 
1. Data Set Overview: 
Parameter Measurement Approach (instrumentation, 
etc.) 
Measurement Dates, 
Frequency 
Water Level Solinst Levelogger (Model 3001) pressure 
transducers: Boreholes were created and a PVC pipe 
with a lip and holes drilled in a straight line along the 
sides was inserted. A stainless-steel cord was 
attached to the Solinst pressure transducer and a 
pipe pushed into the ground nearby. Once attached, 
the pressure transducer was lowered into the pipe to 
sit 1.5m below the ground surface. It is important to 
note that none of these wells were anchored, 
meaning that as the ground fluctuates the wells may 
shift as well. Data was retrieved from the pressure 
transducer every fall. 
Measurements were taken 
every 30-minute and 
averaged every 6 hours 
and recorded on the 
device. 
Ground 
Temperature 
Five Campbell Scientific 109 temperature probes 
(accuracy: ±0.2℃) at 2, 50, 100, 150 and 250 cm 
below the ground surface. All the probes were 
attached to a PVC pipe with a lid at these depths and 
carefully inserted into the peat in the center of each 
wetland. The data loggers recorded year-round from 
a weather-resistant case and were powered by an 
11-volt battery that was charged by a nearby solar 
panel. 
Temperature Probes 
Installed: Isolated Wetland: 
August 2012 (from the 
previous study) 
Narrow Channel Wetland: 
August 2017 
Open Connected Wetland: 
June 2018 
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Measurements: every 
minute, and the average 
for every hour was 
recorded 
Drone 
Imagery 
DJI Phantom 4 drone flew the flight path over the 
three focus wetlands using pix 4D software was used 
to process the imagery.  
2018: Mar 31, Apr. 8, Apr. 
12, Apr. 18, Apr. 23, Apr. 
25, Apr. 26, Apr. 29. 
Permafrost 
Depth 
1.5m stainless steel frostprobe: 2 by 10m grid over a 
talik was measured for permafrost depth. 
Measured once at the talik 
located between the 
isolated wetland and the 
seismic line on August 22, 
2018. 
Soil Moisture Hydrosense II with a 10cm probe: Using a handheld 
device the probe was inserted vertically into the 
ground into the ground twice to take soil moisture 
readings for each point. 
May 13, May 17, May 26, 
May 30, and June 2. 
Time lapse 
photos 
Recoxyx, HyperFire Professional Semi-Convert 
Camera Trap - PC800: Wildlife cameras were 
attached to black spruce trees with a full view of each 
of the three wetland’s surfaces from a horizontal 
angle. 
Cameras were set to take 
two photos (1pm and 2pm) 
everyday, starting April 17, 
2018 until February 3, 
2018. 
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2. Data Characteristics: 
Water level - .csv 
Ground Temperature – .csv 
Drone Imagery –  .tif 
Permafrost Depth – .csv 
Soil Moisture – .csv 
Time lapse photos - .jpeg 
Spatial Coverage 
All measurements were made at the Scotty Creek basin (61°180 N, 121°180 W), 50 km south of 
Fort Simpson, Northwest Territories in the Dehcho Region. 
The following coordinates are the locations of installed monitoring instrumentation, transect 
points, extent of drone imagery collected, etc. 
Site boundaries:  Latitude and longitude given in UTM (N10). 
Instrument, 
Transect Point, 
etc. 
Serial 
Number 
Longitude 
(Easting) 
Latitude 
(Northing) 
Elevation 
(meters amsl) 
Geodetic 
Datum 
Isolated wetland 
well 
2033677 590805.14
5 
6797376.9
55 
285.179 
WGS84 
Narrow Channel 
Connected 
wetland well 
2034134 590774.13
7 
6797372.2
98 
284.798  WGS84 
Open 
Connected 
wetland well 
2034123 590761.81
6 
6797396.9
41 
284.834 WGS84  
Seismic line well 
nearby Open 
Connected 
wetland 
CR800 - 
2719 
590778 6797393 271.013 WGS84  
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Isolated wetland 
temperature 
probe 
CR800 - 
25431 
590805.29
7 
6797377.1
88 
285.215  WGS84 
Narrow Channel 
Connected 
wetland 
temperature 
probe 
CR 10X 
- 30635 
590775.04
9 
6797374.5
52 
284.812 WGS84  
Open 
Connected 
wetland 
temperature 
probe 
CR300 - 
9512 
590761.38
8 
6797396.3
47 
284.801 WGS84  
Top left corner 
of grid over talik 
between seismic 
line and isolated 
wetland 
  590798.84
2 
6797392.4
87 
285.975 WGS84  
Top right corner 
of grid over talik 
between seismic 
line and isolated 
wetland 
  590789.43
5 
6797389.1
07 
286.023  WGS84 
Bottom left 
corner of grid 
over talik 
between seismic 
line and isolated 
wetland 
  590798.30
3 
6797394.3
64 
286.043 WGS84  
Bottom right 
corner of grid 
over talik 
  590789.06
3 
6797391.0
92 
285.997 WGS84  
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between seismic 
line and isolated 
wetland 
 Temporal Coverage 
Surface Elevation – All data points were exported from ArcMap from LiDAR data collected by 
Applied Geomatics Research Group, in Nova Scotia, Canada and in September 2018 by C. 
Hopkinson and L. Chasmer, University of Lethbridge of the Scotty Creek Basin, NWT, Canada.  
● July 2010 and September 2018 
Water level - Isolated wetland, Narrow Channel Connected wetland, Open Connected wetland, 
and Seismic line section between Narrow Channel Connected wetland and Open Connected 
wetland: 
● April 1, 2015 - August 21, 2018  
Drone Imagery – Approximately a 100m² area that includes all three focus wetlands and the 
section of seismic line that runs adjacent to them:  
● 2018: Mar 31, Apr. 8, Apr. 12, Apr. 18, Apr. 23, Apr. 25, Apr. 26, Apr. 29. 
Permafrost Depth – A 2 by 10 meter grid over the talik between the Isolated wetland and 
Seismic line. 
● August 22, 2018 
Soil Moisture – The plateau fringe in each of the four cardinal directions for all three wetlands. 
● May 13, May 17, May 26, May 30, and June 2. 
Ground Temperature – Isolated wetland, Narrow Channel Connected wetland, and Seismic 
line section between Narrow Channel Connected wetland and Open Connected wetland: 
● 2018: May 3 - May 31 
Time lapse photos - Isolated wetland, Narrow Channel Connected wetland, Open Connected 
wetland 
● April 17, 2018 - February 3, 2019 
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Data File Description 
The provided data files are in comma separate format, 
 ·         Missing values are represented as -9999. 
-       AngelasBogs_2010-2018_SeismicLineSurfaceElevation_201809.csv 
-       AngelasBogs_2010-2018_WetlandsSurfaceElevation_201809.csv 
-       AngelasBogs_2018_TalikPermafrostDepth_20180822.csv 
-       AngelasBogs_2015-2018_WaterLevel_20180821.csv 
-       AngelasBogs_2018_GroundTemperature_20180531.csv 
-       AngelasBogs_2018_SoilMoisture_20180602.csv 
 
 Data Dictionary:   
 AngelasBogs_2010-2018_SeismicLineSurfaceElevation_201809.csv 
User Note: 
 ·         Digital elevation data was collected remotely via Light Detection and Ranging (LiDAR) 
flights for the Scotty Creek watershed was collected in July 2010 by Applied Geomatics 
Research Group, in Nova Scotia, Canada and in September 2018 by C. Hopkinson and L. 
Chasmer, University of Lethbridge. The data was taken and processed to create 1 m² (0.2 m 
vertical) resolution digital elevation models (DEMs) for the basin. To determine how the seismic 
line elevation has changed between 2010 and 2018, a 1.7 km section of the seismic line’s 
elevation, that included the focus site, was compared using ArcMap 10.5 (3D Analyst tool). 
From the 1.7km section of seismic line, another surface elevation figure was created focusing 
on the 0.75 km stretch of seismic line adjacent to the focus site's wetlands. 
Column_ 
number 
Column_name Units_ 
format 
Description 
1 Order Num Continuous sequence of row numbers 
that allows each file to be sorted and 
returned to its original condition. 
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2 1.7 km Section of Seismic 
Line 2010 (Distance, 
Elevation) 
m Distance column is the value along the 
line draw in ArcMap. The elevation 
column is the surface elevation of the 
seismic line along the line drawn in 
ArcMap. 
3 1.7 km Section of Seismic 
Line 2018 (Distance, 
Elevation) 
m  *see ‘Column number 2’ description 
4 0.75 km Section of 
Seismic Line 2010 
(Distance, Elevation) 
m *see ‘Column number 2’ description 
5 0.75 km Section of 
Seismic Line 2018 
(Distance, Elevation) 
m  *see ‘Column number 2’ description 
 
AngelasBogs_2010-2018_WetlandsSurfaceElevation_201809.csv 
User Note:  
·         Surface elevation values of each of the three wetlands were taken from LiDAR data 
collected in July 2010 by Applied Geomatics Research Group, in Nova Scotia, Canada and in 
September 2018 by C. Hopkinson and L. Chasmer, University of Lethbridge. The data was 
taken and processed to create 1 m² (0.2 m vertical) resolution digital elevation models (DEMs) 
for the basin and using ArcMap a surface elevation cross was drawn on each wetland and 
exporting to excel spreadsheets to determine the average surface elevation of each wetland. 
Column_ 
number 
Column_name Units_ 
format 
Description 
1 Order  Num Continuous sequence of row numbers 
that allows each file to be sorted and 
returned to its original condition. 
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2 2010 Isolated Wetland m  The surface elevation of the wetland 
exported from ArcMap. 
3 2010 Narrow Channel 
Connected Wetland 
m *see ‘Column number 2’ description 
4 2010 Open Connected 
Wetland 
m  *see ‘Column number 2’ description 
5 2018 Isolated Wetland m *see ‘Column number 2’ description 
6 2018 Narrow Channel 
Connected Wetland 
m *see ‘Column number 2’ description 
7 2018 Open Connected 
Wetland 
m *see ‘Column number 2’ description 
  
  
AngelasBogs_2018_TalikPermafrostDepth_20180822.csv 
 User Note: 
 ·         A 2 x 10 meter, 1m² grid was created over the talik between the seismic line and isolated 
wetland. Where the top row is labeled ‘Row A’ and the bottom row labeled as ‘Row B’. 
Column_ 
number 
Column_name Units_ 
format 
Description 
1 Order  Num Continuous sequence of row numbers that allows 
each file to be sorted and returned to its original 
condition. 
2 Column Number Num  The Column Number reflects the grid created over the 
talik between the seismic line and isolated wetland 
column number used to mark each meter. 
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3 Row A cm Permafrost depth in the top row (Row A). 
4 Row B cm  Permafrost depth in the bottom row (Row B). 
5 Average cm The average permafrost depth of Row A and B for 
each column. 
 
 
AngelasBogs_2018_GroundTemperature_20180531.csv 
User Note:  
·         The temperature for each wetland and the seismic line was recorded using five Campbell 
Scientific 109 temperature probes at 2, 50, 100, 150 and 250 cm below the ground surface. 
Daily average temperature was calculated for the 50 cm depth only, as this depth was the most 
useful to the goal of the study.  Only the daily average ground temperature data at 50 cm are 
archived within this project folder. NOTE:  The raw ground temperature data at all depths are 
separately archived with the seismic line monitoring data.   
 
Column_ 
number 
Column_name Units_ 
format 
Description 
1 Order  Num Continuous sequence of row numbers that allows 
each file to be sorted and returned to its original 
condition. 
2 Date mm-
dd-
yyyy   
The Column Number reflects the grid created over the 
talik between the seismic line and isolated wetland 
column number used to mark each meter. 
3 Daily Average 
Temperature at 
50 cm depth – 
Narrow Channel 
Wetland 
°C The probe was attached to a PVC pipe with a lid at 
the depth of 50cm and was carefully inserted into the 
peat in the center of each wetland. Every minute a 
measurement was taken and the average for each 
hour was recorded on a Campbell Scientific 
datalogger with an accuracy of ±0.2℃. 
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4 Daily Average 
Temperature at 
50 cm depth – 
Isolated 
Wetland 
°C  *see ‘Column number 3’ description 
5 Daily Average 
Temperature at 
50 cm depth – 
Seismic Line 
Wetland 
°C *see ‘Column number 3’ description 
 
AngelasBogs_2015-2018_WaterLevel_20180821.csv 
User Note:  
·         Readings for the data logger were set to be taken at 30-minute intervals with the average of 
those measurements being recorded every 6 hours. It is important to note that none of these 
wells were not anchored, meaning that as the ground fluctuates the wells may shift as well. 
These shifts can cause spikes in the datasets. 
Column_ 
number 
Column_name Units_ 
format 
Description 
1 Order  Num Continuous sequence of row numbers that 
allows each file to be sorted and returned 
to its original condition. 
2 Isolated Wetland 
Date_Time 
yyyy-
mm-dd 
hh:mm  
The time the logger recorded the 
averaged measurement over the last 6 
hours. 
3 Isolated Wetland Surface 
Elevation 
m The corrected water level adjusted to 
above mean sea level. 
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4 Narrow Channel 
Connected Wetland 
Date_Time 
yyyy-
mm-dd 
hh:mm  
The time the logger recorded the 
averaged measurement over the last 6 
hours. 
5 Narrow Channel 
Connected Wetland 
Surface Elevation 
m The corrected water level adjusted to 
above mean sea level. 
6 Open Connected Wetland 
Date_Time 
yyyy-
mm-dd 
hh:mm  
 The time the logger recorded the 
averaged measurement over the last 6 
hours. 
7 Open Connected Wetland 
Surface Elevation 
m The corrected water level adjusted to 
above mean sea level. 
8 Seismic Line Wetland 
Date_Time 
yyyy-
mm-dd 
hh:mm  
The time the logger recorded the 
averaged measurement over the last 6 
hours. 
9 Seismic Line Wetland 
Surface Elevation 
m The corrected water level adjusted to 
above mean sea level. 
 
AngelasBogs_2018_SoilMoisture_20180602.csv 
 User Note: 
 ·         Hydrosense 2 is a Campbell Scientific Inc. product that measures the volumetric water 
content, and a value for the wave period (μsec). For each reading, the period value was 
recorded and used to calculate the soil moisture percentage using a formula provided by 
Bourgeau-Chavez and Loboda (2016). For details please refer to “3. Quality Assessment: Soil 
moisture”.  
Column_ 
number 
Column_name Units_ 
format 
Description 
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1 Order Num  Continuous sequence of row 
numbers that allows each file to be 
sorted and returned to its original 
condition. 
2 Isolated Wetland %  The volumetric water content of the 
wetland’s plateau fringe. 
3 Narrow Channel Connected 
Wetland 
%  *see ‘Column number 2’ description 
4 Open Connected Wetland %   *see ‘Column number 2’ 
description 
 
3. Quality Assessment: 
Soil Moisture: 
The period value was recorded from the Hydrosense 2 and used to calculate the soil moisture 
percentage using a formula provided by Bourgeau-Chavez and Loboda (2016): 
                               θ = A τ² + B τ + C,                   (1) 
where = period value (μsec), A = -11.711, B = 73.276, and C = -71.367. The calibration 
coefficients were selected from the bog group using the 10cm Hydrosense 2 probe inserted 
vertically into the ground. 
 Water Level: 
To correct the water level to the following equation was used.  
CWL (m) = WL (m) - ( PA (kPa) ∗ 0.101972 m/kPa)        (2) 
The Corrected Water level (CWL) was calculated by taking the Water level (WL) from the 
Solinst recorder and subtracting the atmospheric pressure (PA) from the research station’s 
meteorological station. To accomplish this the units for atmospheric pressure values were 
converted to meters from pascal using the conversion constant 0.101972 m/kPa. The corrected 
water level data was standardized to sea level elevation using the dGPS points of the top of the 
well’s casing and the water level at that time. 
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 4. Data Acquisition Materials and Methods: 
Site Description (copied from Haynes et al. 2018): 
The Scotty Creek Research Station is located within the sporadic to discontinuous permafrost 
zone (61.44°N, 121.25°W). The Water Survey of Canada gauged portion of the watershed 
covers 152 km2 (Quinton et al. 2003, Quinton and Baltzer 2013) of heterogeneous upland 
moraines (48%), raised permafrost plateaus (20%), ombrotrophic bogs (19%), channel fens 
(12%), and lakes (2%) (Chasmer et al. 2014). 
Permafrost exists below forested peat plateaus while the intervening wetlands (e.g. collapse 
scar bogs and channel fens) are permafrost-free and generally treeless. The peat plateaus 
function primarily as runoff generators (Wright et al. 2009), while the wetlands predominately 
store (collapse scars, flat bogs) or convey (channel fens) the water received from precipitation 
and from surrounding plateaus (Hayashi et al. 2004). The thaw, subsidence and eventual 
removal of permafrost ‘dams’ increases the connectivity of previously-isolated wetlands to the 
drainage network, termed ‘bog capture’, through the activation of surface and subsurface 
flowpaths and increases runoff from a basin by expanding its contributing area (Connon et al. 
2014). 
The forested peat plateaus are dominated by an overstory of black spruce (Picea mariana) 
trees, with an understory of ericaceous shrubs (e.g. Rhododendron groenlandicum), lichens 
(Cladonia spp.), and mosses (Sphagnum spp.). Channel fens are dominated by floating 
vegetative mats of predominantly sedges (Carex and Eriophorum) with individual tamarack 
(Larix laricina) and birch (Betula glandulosa) trees scattered throughout the fens (Garon-
Labrecque et al. 2015). Bogs in this basin are vegetated with ericaceous shrubs including 
leatherleaf (Chamaedaphne calyculata), bog rosemary (Andromeda polifolia), and small 
cranberry (Vaccinium oxycoccos) (Garon-Labrecque et al. 2015). The dominant bryophyte 
species in the bogs include Sphagnum balticum and S. magellanicum (Garon-Labrecque et al. 
2015). Peat deposits in the basin range from 2 – 8 m deep (McClymont et al. 2013). 
Measurement/Sampling Approach: 
 Digital elevation model: 
         Digital elevation data was collected remotely via Light Detection and Ranging (LiDAR) 
flights for the Scotty Creek watershed was collected in July 2010 by Applied Geomatics 
Research Group, in Nova Scotia, Canada and in September 2018 by University of Lethbridge 
(C. Hopkinson and L. Chasmer). The data was taken and processed to create 1 m² (0.2 m 
vertical) resolution digital elevation models (DEMs) for the basin. To determine how the seismic 
line elevation has changed between 2010 and 2018, a 1.7 km section of the seismic line’s 
elevation, that included the focus site, was compared using ArcMap 10.5 (3D Analyst tool). A 
zoomed-in elevation comparison was created focusing on the 0.75km stretch adjacent to the 
focus sites wetlands. 
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Soil Moisture: 
         As of May 13, 2018,  the ground thawed to a depth of approximately 10 cm and soil 
moisture was recorded for the flagged points on the following days: May 13, May 17, May 26, 
May 30, and June 2. Each of the three focus wetlands had a total of 20 flags - 5 flags in each 
cardinal direction placed 50cm apart in a line following the slope of the plateau fringe. For each 
flagged point, the soil moisture was taken twice sequentially, using a Hydrosense 2 handheld 
device with a 10 cm probe inserted vertically into the ground. Hydrosense 2 is a Campbell 
Scientific Inc. product that measures the volumetric water content, and a value for the wave 
period (μsec).  
Ground Temperature: 
The temperature for each of the three wetlands and the seismic line was recorded using 
five Campbell Scientific 109 temperature probes at 2, 50, 100, 150 and 250 cm below the 
ground surface. All the probes were attached to a PVC pipe with a lid at these depths and 
carefully inserted into the peat in the center of each wetland. For the isolated wetland and the 
seismic line, they were installed in August 2012 for a previous study (Braverman & Quinton, 
2016). Later, the seasonally connected wetland probes were installed in the fall of 2017 and, 
finally, the open connected wetland probes were installed in June 2018. Every minute a 
measurement was taken and the average for each hour was recorded on a Campbell Scientific 
datalogger with an accuracy of ±0.2℃. The data loggers recorded year-round from a weather-
resistant case and were powered by an 11-volt battery that was charged by a nearby solar 
panel. 
Water level: 
         Wells were installed in 2015 to record the water level data for the center of each of the 
three wetlands and the seismic line. Each well was equipped with a Solinst pressure transducer 
recorders (0.1cm accuracy) that record year-round at a depth of 1.5m. Readings for the data 
logger were set to be taken at 30-minute intervals with the average of those measurements 
being recorded every 6 hours. It is important to note that none of these wells were not anchored, 
meaning that as the ground fluctuates the wells may shift as well. These shifts can cause spikes 
in the datasets. 
 Wetland surface water presence: 
Wildlife cameras (Recoxyx, HyperFire Professional Semi-Convert Camera Trap - PC800) were 
attached to black spruce trees on the plateau, which provided a landscape view of the three 
wetlands on April 17, 2018. The cameras were programmed to take a photo at 1pm and 2pm 
daily until February 3, 2019. Photos were then projected on a drone aerial image using 
Photoshop software. In Figure 2, three days were chosen to represent the water recession (May 
1, 8, and 18 of 2018). These dates were chosen because they best represent the drastic 
surface water decrease of the narrow channel connected and isolated wetland. The open 
wetland was excluded because by May 1 the surface water was no longer visible in the photos. 
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Each chosen day’s surface water is represented by a colour gradient which is labelled with the 
corresponding date (Figure 2).   
 Differential Global Positioning System (dGPS): 
Using Leica Geosystems ground surveying equipment (SR530 RTK) dGPS (Differential Global 
Positioning System) points were taken to determine absolute elevation to an accuracy of ± 0.02 
m. The dGPS point’s elevation was recorded for key points such as equipment heights (e.g., 
well casing) and flagged points in the focus area on August 23, 2018. 
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Figure 1: Looking at an overview of the before (a) and after (b) the creation of the 1985 seismic 
line. The red box in these photos (a, b) are the wetlands identified in (c) as so; 1) Open 
Connected wetland, 2) Narrow Channel Connected wetland, and 3) Isolated wetland. The wells 
are marked with coloured dots for their respected wetland. (d) is looking east along the seismic 
line, a ditch-like wetland. 
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Figure 2. Surface water recession is visually displayed with grey colour gradient, a darker 
colour indicates the presence of surface water at a later period of time. Direction of surface 
water recession in each wetland is represented with arrows. The open connected wetland was 
excluded due to its surface water being no longer present by May 1, 2018. 
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Appendix B: Supplementary figures  
 
Figure 4. A flow chart depicting the possible outcomes to a wetland in a discontinuous permafrost 
peatland when a seismic line intersects it. The water level in the wetland can either increase and become 
flooded, drain and decrease, or no change because the water input is similar to the water output. 
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Figure 6. (a) The focus wetlands plotted on a DEM; and b) elevation of the permafrost over a 10 
m distance on the plateau parallel to the seismic line. The location of measurements shown in 
(b) is identified by the black box in (a).  
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Figure 8. A Hydrosense 2 (10cm probe) was used to measure 20 points for each wetland. The 
points were arranged as depicted in (a), following the plateau fringe slope as shown in (b). The 
boxplot displays the data with the letters representing the significance. Whiskers on each box 
represent its minimum and maximum values with the dots being the outliers, with the bottom 
being the 25th and the top being the 75th quantile. 
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Figure 9. The Scotty Creek basin linear disturbance distribution and their effect on landscape is 
depicted in the figure based on the Quinton et al. (2009) paper. The 1985 seismic line the focus 
site is located along is highlighted with a red line. 
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Appendix C: Raw data excel sheets  
 
1. Talik’s permafrost table depth (cm).  
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2. Raw data of wetlands’ surface elevation 
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3. Soil moisture of the wetlands’ plateau fringe for the days; May 13, May 17, May 26, 
May 30, and June 2 of 2018.  
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